We evaluated the seroprevalence of varicella-zoster virus (VZV) in the Finnish population among various age groups and genetically characterized VZV strains from documented cases of varicella and zoster. VZV-specific immunoglobulin G was measured in 2,842 serum samples that had been submitted for virological studies to the Department of Virology, University of Helsinki, from 1995 to 1996. Specimens for VZV genotyping were obtained from vesicular lesions from two pediatric patients and 26 adult patients. Seroprevalence to VZV varied markedly by age: 45% in children aged <2 months, 12.5% in children aged 6 to 8 months, and >90% in children near 10 years of age, plateauing thereafter into advanced age. The seroprevalence rates indicate that in Finland, as in other countries with temperate climates, primary VZV infection usually occurs during the first decade of life. Twenty-eight VZV DNA-positive specimens were analyzed to identify VZV vaccine and wild-type genotypes. All analyzed specimens were wild type and the European (E) genotype.
Varicella zoster virus (VZV) is a common, globally distributed virus that causes chickenpox upon primary infection; it is normally associated with a generalized vesicular rash but may rarely occur without obvious dermal lesions. VZV establishes lifelong latency upon first infection and can reactivate, usually in the elderly, to cause shingles (herpes zoster) (2, 12, 13, 15, 34) . Patient age is often related to disease severity, with the greatest risk occurring among the very young and very old; immunocompromised persons are also at elevated risk for severe disease (7, 11, 14) . Varicella vaccine use in Finland is currently limited to children with recognized immunosuppression due to leukemia, bone marrow transplant, et cetera. The seroprevalence rate for VZV varies among different populations, and lower prevalence rates have generally been observed in tropical versus temperate climates (9, 21, 26, 27) . Over the past 25 years, there has been an evident increase in VZV seroprevalence among children 1 to 4 years of age in the United Kingdom (21) . In Finland, VZV has become the agent most frequently associated with central nervous system infections, particularly encephalitis, for all age groups (18, 22) . Currently, several methods are being used to identify and genotype VZV strains. A variety of methods have been explored for genotyping VZV both to discern strain variation and to discriminate vaccine strains from wild-type isolates (3, 4, 6, 8, 10, 16, 18, 23, 24, 31, 36) .
We developed a novel strategy for VZV genotyping based on the complete sequencing of a short region in open reading frame 22 (ORF22) using material obtained directly from clinical samples (29) . By sequencing a collection of 321 contemporary VZV isolates representing multiple countries and six continents, we sorted strains into three discrete geographically associated genotypes: E (European), J (Japanese), and M (mosaic). M strains were dominant in tropical latitudes, and J and E VZV isolates prevail in temperate climate latitudes (29) . Genotype M isolates have an assortment of E-associated and J-associated mutations. The epidemiology of VZV cases in the tropics differs from that in countries with a temperate climate. Characteristically, seroprevalence is markedly lower in tropical countries, and the pronounced seasonality of varicella disease observed in temperate climates is generally absent in warmer climates. What relationship, if any, exists between these differences in disease epidemiology and genotype is currently unknown.
We report here the comparison of two genotyping methods for wild-type VZV strains (29, 31) and seroprevalence data in the Finnish population among different age groups. Data presented in this paper also demonstrate the usefulness of and correlations between genotyping strategies.
MATERIALS AND METHODS
Serum sample testing. Serum samples from 2,842 patients with suspected viral infection treated at neurologic, pediatric, or infectious disease wards or intensive care units of 18 tertiary care hospitals covering 77% of the Finnish population were sent to the Department of Virology, University of Helsinki, for serologic testing between 1995 and 1996. Serum immunoglobulin G (IgG) antibodies to VZV were measured using an in-house enzyme immunoassay test as previously described (32) (commercial antigen; VirionR, Würzburg, Germany). Each test run included positive and negative controls. The result was given in enzyme immune units. The cutoff for VZV seropositivity was Ն20 enzyme immune units.
Genotypic analysis of specimens. VZV identification and genotyping were performed on 28 representative skin specimens. These specimens were collected from vesicular lesions of ambulatory and hospitalized pediatric and adult patients with varicella or zoster during 2003. All specimens were from clinical cases seen in tertiary care hospitals from different parts of Finland; no personal identifiers or demographic information was provided with the specimens. A sterile swab was used to scrub the base of unroofed vesicular lesions. For each selected patient, a swab of the base of a single vesicular lesion was collected. Specimens were placed onto Whatman FTA filters to inactivate virus and sent to the CDC for genotyping. Isolates from the Russian Federation, Estonia, Latvia, Germany, and Congo were obtained by the CDC through its international program to establish a repository of globally circulating VZV strains. The previously published genomic sequence data for the Dumas strain (gi9625875) and the parental Oka strain (gi26665420) were used as a reference for this study. VZV detection and discrimination of Oka vaccine from wild-type virus were accomplished using fluorescent resonance energy transfer-based real-time PCR targeting VZV ORF62 as previously described (1, 28, 30) . PstI and BglI sites in ORF38 and ORF54 were evaluated using the same technology (29) .
For genotyping, the ORF22 target region was amplified using conventional PCR as previously described (29) by using 100 ng of viral DNA or a 1-mm punch from an FTA card as a source of template. Specimens were also genotyped using an alternative method based on an analysis of single-nucleotide polymorphism (SNP) variation in seven amplicons representing regions in ORF1, ORF21, ORF31, ORF37, ORF50, ORF54, and ORF68 (4, 5, 31, 35, 37) .
RESULTS
Serology. VZV IgG seroprevalence varied among age groups, with the lowest level observed in infants aged 6 to 8 months (Fig. 1A) . With increasing age, seroprevalence steadily increased between the ages of 1 and 10 years and then plateaued at a high level throughout adulthood (Fig. 1B and  C) . VZV IgG was evident in most children Ͻ2 months old, reflecting the presence of maternal IgG antibodies, and all babies aged 7 months were seronegative. Among children 4 to 5 years old, seroprevalence exceeded 50%, and by 10 years of age, 91% of children were seropositive (only 3 of 33 children were negative). The sharpest rise in seroprevalence occurred in children aged 5 to 7 years, the age of school entry for the majority of children.
Genotypic analysis. Of the two children aged 3 to 4 years and 26 adults from whom specimens were obtained, seven were ambulatory patients, and the rest were hospitalized for com- Ten samples contained sufficient DNA to permit additional genotyping by the multilocus (6, 31) method. This more extensive genotyping also revealed complete identity with the Dumas strain at all 35 SNP examined. All tested samples were classified as the C genotype with this VZV genotyping method, which is the equivalent to the E genotype using the ORF22 method. Only one difference, at position 33722, was detected (Table 1) .
DISCUSSION
This is the first study to report the genotypic analysis and seroprevalence of VZV in different areas of Finland. Serum samples from all over the country facilitated the calculation of representative seroprevalence rates for VZV. In our patient groups, the prevalence of VZV antibodies increased steadily from near zero at 6 to 7 months to over 90% by 10 years of age. The seroprevalence increased most rapidly over the school entry ages of 5 to7 years. However, a substantial fraction of persons remained VZV seronegative until after the age of 10 years, indicating a high level of susceptibility to VZV infection among older children.
Knowledge about these VZV seroprevalence data is important for understanding the dynamics underlying numerous complications associated with both primary and reactivated VZV infections in Finland (11, 12, 13, 14) . Also, such seroprevalence data critically instruct appropriate immunization strategies for VZV (25) . The impact of diseases associated with VZV infections, hospitalizations, and complications should be evaluated with respect to vaccination goals and strategies. Childhood immunization programs have dramatically changed the disease burden for many childhood infections (17, 33) and on September 6, 2017 by guest http://cvi.asm.org/ virtually changed the whole spectrum of childhood infections (20) . Regarding VZV, a change in the epidemiology of primary infection appears to be evident (19) ; specifically, the highest incidence of varicella has apparently shifted from school-age children to small children aged 1 to 4 years (21).
To better comprehend the current VZV genotypes and geographic variation in Europe, we surveyed a variety of circulating strains from Finland and neighboring countries (Russian Federation, Lithuania, Estonia, and Germany) by performing genotypic analysis and SNP evaluation using two distinct and nonoverlapping methods (29) . The VZV genome is one of the most highly conserved genomes among human viral pathogens, with only about 0.1% sequence variation between any two wild-type strains. Two independent groups established that VZV isolates from the same geographic region are quite similar (4, 29) . Twenty-eight clinical varicella and zoster specimens representing strains circulating in Finland were identified being as genotype E isolates (genotype C using the multilocus method). No other genotypes were identified using either method. No vaccine strains were identified, and every strain had the Pst ϩ Bgl Ϫ SmaI Ϫ profile typical of most wild-type viruses (23, 24, 28, 30) . E strains are the predominant genotype currently circulating in countries with temperate climates in Europe, North America, and eastern Australia, but often, countries on these continents also have other VZV genotypes in cocirculation. The detection of a single genotype in this study was not surprising, since about 98% of the Finnish population is of European origin, and travel between Finland and other European countries is more frequent than is travel to other parts of the world. Temperate Argentina revealed a 
a Single-nucleotide differences from the Dumas E reference strain are shown in boldface type. The multisite and ORF22 genotyping methods determined that the genotypes of the Dumas E strain (The Netherlands), Finland varicella samples 1 to 4, Russian Federation varicella samples 1 to 5, Estonia varicella samples 1 and 2, Latvia varicella samples 1 and 2, and Germany varicella samples 1 and 2 were C and E, respectively. The multisite genotyping method determined that the genotype of the Congo varicella M1 reference strain was J1, and that of the Oka J reference strain was A2, while the ORF22 genotyping method determined that the genotype of the Congo varicella M1 reference strain was M1, and that of the Oka J reference strain was J.
VOL. 14, 2007 VZV SEROPREVALENCE AND GENOTYPES IN FINLAND 1059 similar uniformity for genotype E (9) . Tropical countries such as Guinea Bissau, Zambia, Bangladesh, and Southern India predominately circulate M genotype strains, often with a BglI ϩ marker in ORF54 (4, 29, 31, 35, 36) . In contrast to the Finnish specimens, M and J genotype isolates have often been identified in specimens from the United States, Brazil, the United Kingdom, and Australia. Significant genetic diversity has been observed among isolates from these countries, which has been attributed to recent patterns of human migration from other parts of the world (29, 31, 35) . The significant rise in the prevalence of certain genotypes of varicella, together with the increase in the immigrant population found in the United Kingdom and the United States, is consistent with the genotypic analysis of circulating genotypes in different countries of origin for immigrants (31, 35) . As such, the global distribution of circulating VZV genotypes is in flux, a process that appears to be driven by patterns of immigration in the world. Our findings in the current study, while characterizing a region that is stable with respect to VZV genotype, are consistent with this hypothesis.
